Recent studies in molecular genetics have made clear the great usefulness of choosing appropriate organisms for the study of specific phenomena. Similarly, in the study of learning it would seem worthwhile to investigate the range of available organisms best suited to the studies of specific problems. In this regard, one may note that the vast majority of behavioral experiments have been confined to a very small number of species; only about 5 per cent of the learning experiments have been with invertebrates. ' From the point of view of the molecular biologist it seems the time is appropriate to look for morphological, histochemical, and biochemical correlates of learning and memory. The mammalian systems currently used for most behavioral studies pose serious difficulties in finding these correlates. The large size of the brain and nervous system and the extremely large number of brain cells (the order of 1011 for humans and 107 for rats) make it difficult to localize any behavioral phenomenon at the cellular level. Recently, the planarians have received considerable attention as a model system that is much less complex than that of mammals. Their dimensions are of the order of centimeters in length and the brain the order of one cubic millimeter. Although planarian neurons are smaller than mammalian ones, their brain still contains the order of 105 cells. However, very little work has been done on learned behavior in most other invertebrate orders.`Ĩ n seeking morphological and histochemical changes accompanying behavior it seems advantageous to us to use organisms possessing small size, gross structural simplicity and small total number of cells. If studies are to be carried out at the level of the central nervous system, organisms should be sought with a small total number of neural elements, thereby obtaining a reduction in neuronal interactions. If a more primitive nervous system is desired, the coelenterates, particularly Hydra,8 would be appropriate.
The criteria of small size, small total cell counts and morphological simplicity are best met by the "micrometazoa," a group of organisms defined as having an adult length of less than 1 mm. We have restricted our work primarily to freshwater organisms because of the relative ease, over salt water and terrestrial ones, of finding and maintaining cultures. (However, acoel worms should not be ignored as they are considered to be the most primitive flatworms and are restricted to marine habitats.) Obviously, the study of a nervous system requires the use of metazoa, but the concept of studying a simple system in behavior could be reduced to studying bacterial "behavior" as Jennings' has done. No reports of learning, as currently defined by psychologists, have been made. Habituation to stimuli of different sorts has been reported for several protozoa' but there is serious doubt whether they are capable of higher learning, i.e. classical and instrumental conditioning.' In any case, the protozoa exhibit responses to many different stimuli4'7 and most of them move rather rapidly-all of which makes the design of classical learning experiments quite possible. Of particular interest are the ciliates such as Stentor, Spirostomum and Bursaria truncatella which can exceed 1 mm. in length. Their relatively large size makes them easy to work with, as most protozoa are at least 15 times smaller.
The Stenostomum and Macrostomum flatworms offer the best combination of small size and morphological simplicity for metazoans with a central nervous system. From the standpoint of small size, members of the rotifer genus Colurella are particularly interesting since their minimum size of 50 y makes them the smallest metazoan.9 The brain is no larger than 500 j3, probably contains less than 200 neurons, and has a dry weight of the order of 10-9 grams. Even such larger invertebrates as the rotifer Monostyla and gastrotrich Lepidodermella, both less than 150 ,A in length, have brains smaller than one nerve cell body from the spinal ganglion of a dog or Purkinje cell of a cat. It appears that the total number of-neurons is constant in each species of the classes Rotifera, Gastrotricha, and Nematoda.2" The brain of the rotifer Epiphanes senta, for example, contains 183 neurons while the peripheral ganglia have an additional 63 neurons ;8 the nematode Anguilla aceti has a nervous system of 279 nerve cells.10 By working with organisms having a constant number of neurons, it becomes possible to keep track of each neuron and its interconnections when more detailed analysis is necessary.
So far as is known, the only adult metazoans capable of surviving desiccation and subsequent freezing belong to the micrometazoa: certain species of rotifer, nematode and tardigrade.11 An interesting experiment making use of this fact would be to train them, dry and cool them down to 1°Kelvin, then revive them and see if the memory for the task remains.' If it does, there is strong evidence for saying memory is structural since all but structure has been destroyed in the process. That is, electrical reverberating circuits and atomic momentum values are eliminated this close to absolute zero.
Evidence of learning in the micrometazoa coupled with knowledge at the electron microscope level of their nervous system would present a promising model system for studying the underlying physical and chemical correlates of memory. There are, of course, some disadvantages, all relating to size, in using these animals. Mazes and training chambers need to be built with close tolerances to prevent the organisms from escaping through cracks into adjacent chambers. Work has to be done under the microscope with methods capable of handling one animal at a time. Current micro-biochemical techniques"' can deal with only 10-10 grams of nucleic acid, which means many of these animals have to be trained before analysis can begin. Chemicals cannot be injected easily even with micro-pipettes and there is no guarantee that chemicals in the culture media will be taken up by the animal.'
Among the animals that qualify as micrometazoa, there has only been one learning experiment reported and that on Stenostomum.1 However, this experiment was based on only six animals and the control was inconclusive. Thus, it is clear the investigation of learning in the micrometazoa is all but nonexistent. Our approach has been first to determine whether these organisms are capable of learning before we proceed further into their neuroanatomy and subsequent physiology of memory.
METHODS AND DISCUSSION

Habituation
Habituation is defined as a "waning of a response as a result of repeated stimulation."' Using mechanical shock as the stimulus, several organisms were subjected to a habituation procedure. Each organism was placed in a drop of its culture media on a depression slide held by a ringstand clamp. A wire was attached to the top of the ringstand and placed over the microscope in such a way that pulling on the wire tilted the ringstand and the attached depression slide. When the wire was released suddenly, the jar of the ringstand hitting the table provided the necessary mechanical shock. To provide a constant mechanical shock, an eyepiece micrometer was used in the microscope so that the displacement of the system could be maintained constant. The intensity of the shock was pro-portional to the displacement; an intensity of one means the system is displaced one unit as measured by the micrometer. Thus, looking through the microscope the ringstand wire is pulled until the organism is displaced X number of units; then the wire is released suddenly. The reliability of this method was tested by habituating the same organism to the same stimulus intensity three different times; the number of stimuli to habituate was not significantly different (a = .4). Furthermore, after the organism returns to its "normal" state, it takes just as many stimuli to habituate again as it did the first time.
To this kind of mechanical stimulus, the protozoan Spirostomum* (length 1 mm.), the flatworms Stenostomum (.6 mm.) and Macrostomum (.8 mm.), the rotifer Philodina (.4 mm.) and the bryozoan Plumatella (1 mm.) contracted; the rotifers Monostyla (.13 mm.) and Colurella (0.7 mm) and the gastrotrich Lepidodermella (.15 mm.) stopped moving; the cladoceran Alonella (.5 mm.) and the ostracod Cyclocypris forbesi (.6 mm.) closed their shells. No observable response to this stimulus presentation was detected in the copepod Paracyclops flmbriatus poppei, the tardigrade Milnesium tardigradum or the nematodes Anguillula silusiae and Anguilla aceti. For the Alonella and ostracod, the length of time their shell remains closed after the stimulus presentation was taken as a measure of the degree of habituation since this gives two kinds of measures of habituation: the number of stimuli necessary and the amount of time the animal is responding to the stimulus. For the other organisms, only the number of stimuli necessary to produce habituation was recorded since it was more difficult to obtain reliable measures of their short contraction or stopped-motion times.
The stimulus was applied at a fixed intensity level and re-applied either three seconds after the animal opened its shell in the case of Alonella and the ostracod, twenty seconds after the preceding stimulus for Philodina and Plumatella, or five seconds later for the remaining organisms. These time periods allowed the organisms to expand, open their shells, or start moving again before another stimulus was given. Habituation was taken to mean no response to two successive stimuli. For each of the experiments, 60 animals were habituated at each intensity level. Twenty of them were chosen randomly and their amount-of-time-shell-was-closed or number-ofshocks-to-habituate was averaged. These numbers became either the "Time shell is closed" for each trial for the ostracods and Alonella or the "No. of stimuli to habituate, initially" figure. Twenty of the 60 were tested *A protozoan was used to compare the magnitude of response of a single-celled organism to a multi-celled one with a constant intensity stimulus.
for retention after the passage of X time, twenty after the passage of Y time and twenty after Z time. Thus, Tables 1 to 10 show the responses of twenty different animals at two shock intensity levels. The retention times were chosen so that at "Shock intensity 1" and the last retention time give an indication of how long the animal remains habituated.
In Tables 1 to 8 , by the one-tailed t test for the difference between correlated means,'7 the difference between the "No. of stimuli to habituate, initially" and the first test of retention for both intensity levels is significant at a < .01. In Tables 9-10 , the difference between the "Time shell * This was the only shock intensity that produced habituation. Our apparatus could not deliver a reliable shock intensity of less than 1 and a shock greater than 1 produced such a large vibration, relative to this animal, that it could not be ascertained whether the animal actually stopped when the stimulus was applied. is closed" for Trial 1 and the first test of retention is also significant at a < .01 for both intensity levels. In all the tables, there is no significant difference between the initial response to the shock and the response to it on the last retention test for Shock intensity 1. However, for Shock intensity 3, the difference is significant at a < .01 by the one-tailed t test for correlated means. Furthermore, by the ordinary t test for com- injury. After habituation to a specific stimulus, a more intense stimulus will produce the initial response, thus ruling out fatigue. Habituation can be a peripheral response as certain mechanoreceptor cells can adapt to repeated stimulation and fail to fire an impulse.18 It is just as possible, though, for the mechanoreceptor cells to be inhibited from firing by an efferent nerve from a nearby ganglion or from the brain itself. Or, the brain or a ganglion The maze (Fig. 1) October, 1966 series of chambers so that a somewhat darker chamber could be made next to any light one. Since these animals preferred the dark to the light side, they would, if placed in the light side, eventually move to the dark side.
The liquid used in the maze was the appropriate culture media for each species and was of the same temperature (21-23°C.) and pH (5.6 ostracods, 6.4 copepods) as the original culture media. After each experiment was completed, the maze was cleaned (with "7X" glassware cleaner and rinsed) to eliminate any "trail" for the next animal to follow, and the maze was rotated 90 degrees to one side to change its orientation to the laboratory. Half the animals were presented with the hole to the left and half with the hole to the right of the maze to eliminate any preferences. Also, the ambient room temperature and lighting were constant for each animal's run through the maze. The sample size consisted of 30 mature male and female ostracods and 25 mature male and female copepods. The animals were kept in a 12-hour light, 12-hour dark cycle and run at random times during the 24 hours rather than during their activity cycle when some external factor could de-synchronize their clock. Each animal was put in a double-sized chamber (8 mm. x 8 mm. x 6 mm.) in the maze for one hour before an experiment began in the hope that any adaptation to the new environment would take place. This chamber was lighted for 30 seconds, then darkened for 30 seconds. Then, the double chamber was lighted and (for half the animals)a plastic partition was moved so its hole came into position on what was called the right-hand side of the maze, and eventually the animal went through it into the adjacent standard-sized chamber, also lighted. This partition was then closed (that is, the hole was closed off) and the animal was now considered to be in Chamber 1. Fifteen seconds (this time not included as part of the time spent in each chamber) later the next chamber ahead was darkened and the hole on the left side of the maze was opened. In this trial and the following ones, the animal was in no particular part of the maze when the hole was opened; its orientation with respect to the hole was random and could not account for any behavior effects. Immediately after going through the hole, the animal was closed off. The animal was left in the dark for 30 seconds (this time not included as part of the time spent in each chamber); this chamber was made light, the adjacent one was darkened and the procedure repeated for seven chambers in all. After going through the seventh hole and remaining in the dark for the 30 seconds, the chamber was made alternately light for 30 sec., then darkened for 30 sec. Each ostracod remained here for periods of 1, 2 and 4 minutes and after each period the adjacent side (in the direction the animal had been moving in the maze) was darkened and after a wait of 15 seconds, the hole was opened. For the copepods, each was held for periods of 3 to 7 minutes. The time the animals spent in each chamber and their activity (based on distance covered per unit time) were recorded.
A control experiment for both species was run that was identical in every respect except one to the experiment described. The holes, instead of being always either to the right or left in the maze, were alternated left and right. This presented only a more difficult learning task. The results (Figs. 2 and 3) for the experimental groups indicate the time spent in each chamber decreases with the number of trials. The significance of the difference between the time to find and go through the first hole and the seventh hole is a < .005 for both species as judged by the one-tailed t test for the difference between correlated means.17 Furthermore, there were significant differences between the time for ostracods (Fig. 3) to go through the first hole and the time for them to go through a similar hole one minute after completing the experiment (a < .01), two minutes from this point (a < .05), and four minutes later (a < .05). For copepods (Fig. 2) , the difference between the time to go through the first hole and a similar hole three minutes from the end of the experiment was significant at a <.005, and at a < .05 seven minutes later. For the control groups, there was no significant change in performance among the seven chambers used or the retention period afterward (a = .4). Figure 2 indicates the copepods are exhibiting one-trial learning ;19 hence, the drop in time from chamber 1 to chamber 2. They remain at the new level of 11-19 seconds for the next five trials or chambers and then drop again to 7 seconds. The time spent in this last chamber is significantly different (a < .05) from the average time in the previous five chambers, indicating they are continuing to learn beyond the first trial. The ostracods in Figure 3 also show one-trial learning, though to a lesser extent. The greatest change comes after the third trial (chamber) when the animal apparently has learned the hole position. There is some controversy over whether animals are capable of such noncontinuity (nongradual) learning, but there are examples of it. '9 The measured activity of each animal was constant over all its trials and retention tests, and the animal's ability to find the hole cannot be explained by an increase in activity. Nor can it be said that the animals became adapted after a few trials to the light-dark changes in the experiment and therefore could see the hole better as the trials continued since they were presumably already adapted to it and no improvement in performance occurred in the control groups. illuminator with a blue ground glass filter placed one foot away from the microscope mirror. This light was left on during the entire experiment. The conditioned stimulus was the light from a 40-watt bulb in a reflector placed six inches away from the training chamber. The light was turned on for five seconds and provided an increase of illumination of about 100 times over ambient as measured by photoelectric meter. After four seconds of the light, the unconditioned stimulus of electric shock at three volts, 100 msec. duration (administered by a Grass stimulator), was given; this caused the ostracod to stop moving about in the chamber and close its shell. To reduce electrolysis effects the shock was given in the biphasic mode of the stimulator which placed a capacitor in series with the positive electrode to equalize stimulus energies. The light went off after the five seconds, then after 115 seconds it came on again, and the conditioning procedure repeated. Twenty animals were conditioned. The chamber was cleaned (with "7X") and rotated 90 degrees before the next animal used it. The animals were considered conditioned when the light alone presented every 115 seconds caused them to close their shells three times in a row. This response was extinguished by presenting the 40-watt light for five seconds every 60 seconds until they no longer responded to it by closing their shells. The results are presented in Table 11 .
Three control groups of 20 animals per group were run: no stimuli, then light; shock, then light; light throughout. For the first group, each animal was left in the chamber with only the ambient light for 27 minutes, the mean time for conditioning to occur (13.3 multiplied by 2 minutes between shocks). Then the 40-watt light was presented every 115 seconds for 5 seconds for a total of 13 times. For the second group a shock of three volts and 100 msec. duration was delivered every 120 seconds, 13 times. Then the 40-watt light was presented for five seconds every 115 seconds, 13 times. The third group was given just the light every 115 seconds for 5 seconds, 27 times.
In none of the control groups was there any response to the light. Therefore, pseudo-conditioning can be ruled out as an explanation of the observed behavior. The controls also suggest that injury to the animal due to the shock or electrolysis effects cannot explain the findings.
CONCLUSION
Using the micrometazoa as model systems for studying memory at the cellular level seems feasible since learning has been demonstrated. Habituation has been shown in one new phylum (Ectoprocta), two new classes (Rotifera, Gastrotricha), three new orders (Catenulida, Macrostromida, Ostracoda) and two new families (Spirostomidae, Chydoridae) of organisms; maze learning in two new orders and classical conditioning in one new order. Further experiments exploring conditioning and maze behavior in other micrometazoa are in progress. It is hoped that the availability of micrometazoa for behavior experiments will result in further investigations.
